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DESCRIPTION 

FIBER-REINFORCED HEAT-RESISTANT SOUND-ABS ORBING MATERIAL 

AND PROCESS FOR PRODUCING THE SAME 

5 

BACKGROUND OF THE INVENTION 
Technical Field of the Invention 

The present invention relates to a fiber-reinforced 
heat-resistant sound-absorbing material used for the 
10 exhaust nozzle and the like of a jet engine and a process 
for producing the material. 
Description of the Related Art 

Conventional sound-absorbing materials used for the 
exhaust nozzle and the like of a jet engine have a 
15 honeycomb structure. The sound- absorbing material having a 
honeycomb structure is comprised of a honeycomb made of a 
heat resistant alloy, a perforated plate, and a rear plate 
and it has a reactive structure like a Helmholtz resonator, 
and sound is diminished by the counteractive offset by the 
20 reflection, on the rear plate, of sound waves incident from 
the perforated plate. 

In such a sound- absorbing material having a honeycomb 
structure, the perforated plate, inner honeycomb and rear 
plate of the material are overheated by a high temperature 
25 exhaust gas (for example, from 700 to 800 K or greater) and 
sometimes change their shape greatly. For example, since 
the perforated plate is made of a stainless. or aluminum 
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panel, the plate may be damaged or deformed by heat, and 
the brazed portion between the plate and honeycomb may peel. 

Furthermore, a sound-absorbing material having the 
above-described structure can absorb only sound in a narrow 
5 frequency band so that noise in a wide frequency band (for 
example, from 1000 to 4000 Hz) produced by a jet engine 
cannot be absorbed satisfactorily. 

A variety of sound-absorbing materials equipped with 
both heat resistance and capacity of absorbing sound in a 
10 wide frequency band have been proposed (for example, refer 
to Patent Documents 1 to 3) . 

According to "a lightweight ceramic sound-absorbing 
material and a process for producing the same" of Patent 
Document 1, a sound- absorbing material having both thermal 
15 shock resistance and sound-absorbing performance heightened 
by stacking a dense layer containing ceramic fibers over 
the surface of a porous foamed ceramic is disclosed. 

According to "a lightweight CMC sound-absorbing 
material and a process for producing the same" of Patent 
2 0 Document 2, the absorbing material is a porous material 
made of an alumina-based ceramic containing SiC whiskers 
and having a porosity of from 80 to 92%. It has an 
improved sound absorption coefficient by controlling its 
flow resistance by adding silicon carbide fibers without 
25 changing the bulk density. 

^^A porous sound- absorbing material and a process for 
producing the same'' of Patent Document 3. is characterized 
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in that it has a skeleton made of an aggregate having pores 
and the porous sound-absorbing material has a porosity of 
from 75% to 85%. 
[Patent Document 1] Japanese Patent Laid-Open No, Hei 10- 
5 187163 

[Patent Document 2] Japanese Patent Laid-Open No. Hei 10- 
194864 

[Patent Document 3] Japanese Patent Laid-Open No. 2002- 
167290 

10 The lightweight ceramic sound-absorbing material 

according to Patent Document 1 has many layers of several 
sound- absorbing materials stacked one after another so that 
its production cost is high. Moreover, since the sound- 
absorbing material is manufactured by foaming ceramics and 

15 its porosity is therefore not constant, it is difficult to 
expand the sound absorption effect even to a wide frequency 
band. 

The lightweight CMC sound- absorbing material 
according to Patent Document 2 is also produced by foaming 

20 ceramics and its porosity is therefore not constant so that 
a satisfactory sound- absorbing effect in a wide frequency 
band cannot be attained. 

The porous sound-absorbing material according to 
Patent Document 3 is composed of porous ceramics having a 

25 porosity of from 75% to 85% so that it is characterized in 
that it has adequate strength as a sound-absorbing material 
while . maintaining a. predetermined. sound absorbing effect, 
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and exhibits high sound absorbing effect against noise in a 
wide frequency band such as noise of a jet engine. 

When it is exposed to a high-temperature high-speed 
exhaust gas, however, the porous ceramic is worn away and 
5 at last it loses its function. 

As described above, conventional sound-absorbing 
materials having a honeycomb structure cannot achieve the 
sound absorbing performance in a wide frequency band which 
is a property necessary for the reduction of a jet noise 
10 and at the same time, when they are exposed to a high- 
temperature high-speed exhaust gas, they do not fulfill 
their function because the honeycomb material is damaged by 
it. 

In addition, ordinarily used glass wool has low heat 
15 resistance (300°C or less), while the sound- absorbing 
materials disclosed in Patent Documents 1 to 3 have 
problems that in spite of having high heat resistance, they 
cannot provide stable sound absorbing performance in a wide 
frequency band which is a property necessary for the 
20 reduction of jet noise, are worn away easily by a high- 
temperature high-speed exhaust gas, and are not light in 
weight . 

The present invention has been made in order to 
overcome the above-described problems. An object of the 
25 present invention is to provide a fiber-reinforced heat- 
resistant sound- absorbing material which remains undamaged 
. for a long period of time even exposed to a high- 



5 



temperature high-speed exhaust gas of a jet engine or the 
like, has a sound absorbing performance in a wide frequency 
band which is a property necessary for the reduction of jet 
noise, and is light in weight; and a production process of 
5 the material. 

SUMMARY OF THE INVENTION 
The present invention makes it possible to provide a 
fiber-reinforced heat-resistant sound- absorbing material 

10 comprising a fiber preform made of silicon carbide short 
fibers having heat resistance of lOOO^C or greater and a 
heat resistant compound having heat resistance of 1000°C or 
greater and applied onto the surface of the fibers; and 
having a porosity of 90% or greater. 

15 The present invention also makes it possible to 

provide a process for producing a fiber-reinforced heat- 
resistant sound- absorbing material, which comprises a fiber 
preform formation step of forming a fiber preform made of 
silicon carbide short fibers having heat resistance of 

20 1000°C or greater; a sol-gel solution preparation step of 
preparing a sol-gel solution containing a heat resistant 
compound having heat resistance of lOOO^C or greater; an 
impregnation-drying-calcination step of impregnating the 
fiber preform with the sol-gel solution, followed by drying 

25 and calcining; and a crystallization step of crystallizing 
the fiber preform which has finished impregnation, drying 
and calcination. 
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According to the constitution and the process of the 
present invention, a fiber-reinforced heat-resistant sound- 
absorbing material is produced using silicon carbide fibers 
and heat resistant compound, each having heat resistance of 
5 lOOO^C or greater so that the fiber-reinforced heat- 
resistant sound- absorbing material has essentially improved 
heat resistance. In addition, since the fiber-reinforced 
heat-resistant sound- absorbing material is composed of a 
heat-resistant compound reinforced with a fiber preform, it 

10 has strength enough to be resistant for a long period of 
time against exposure to a high-temperature high-speed 
exhaust gas of a jet engine or the like. Moreover, the 
impregnation-drying-calcination step and the 
crystallization step contribute to an increase in the 

15 porosity (90% or greater) of the material, making it 

possible to actualize a sound absorbing performance in a 
wide frequency band which is a property necessary for the 
reduction of jet noise, and to decrease the weight of the 
sound-absorbing material. 

20 According to the preferred embodiment of the present 

invention, a fiber-reinforced heat-resistant sound- 
absorbing material having a bulk density of 0.07 g/cm^ or 
greater but not greater than 0.11 g/cm^ is available by 
repeating impregnation, drying and calcination in the 

25 impregnation-drying-calcination step . 

It has been confirmed by Examples that by the above- 
described constitution and process, a high absorption 
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coefficient of noise in a wide frequency band (for example, 
from 1000 to 4000 Hz) which becomes necessary for the 
reduction of jet noise and weight reduction can be attained. 
The silicon carbide fibers preferably contain a metal 
5 element which is selected from the class consisting of 

Group II, III and IV metal atoms of the periodic table and 
in which a temperature at which a free energy change in the 
carbon reduction reaction of an oxide of the metal element 
becomes a negative value is higher than a temperature at 

10 which a free energy change in the carbon reduction reaction 
of silicon oxide becomes a negative value, and have an 
oxygen content falling within a range of from 1 to 13 wt.%. 

Such silicon carbide fibers are commercially 
available from Ube Industries under the trade mark of 

15 "Tyranno fiber" which has been confirmed to have heat 
resistance to a temperature as high as about 1500°C. 

The above-described sol-gel solution is preferably a 
solution in which Ba, Al, Si and Mg ions or molecules or 
complex ions containing, in the structure thereof, such 

20 elements have been dissolved or dispersed at a weight ratio 
permitting precipitation of barium osumilite crystals at 
the time of the crystallization treatment. The heat- 
resistant compound is preferably a BaO-Al203-Si02-MgO oxide 
represented by BaMg2Al6Si903o . 

25 Such a BaO-Al203-Si02-MgO oxide is generally called as 

^^BMAS''. The compound has been confirmed to be resistant to 
a temperature as high as about 1500°C and in addition, can 
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be prepared by the liquid phase process. 

As described above, the fiber-reinforced heat- 
resistant sound- absorbing material and production process 
thereof according to the present invention have excellent 
5 effects, for example, the material is not damaged for a 

long period of time even by exposure to a high-temperature 
high-speed exhaust gas such as a gas from a jet engine, has 
a sound absorbing performance in a wide frequency band 
which becomes necessary for reducing jet noise, and is 
10 light in weight. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a graph of absorption coefficient of a 
conventional material (porous sound-absorbing material of 
15 Patent Document 3) for normal incidence sounds. 

FIG. 2 is a flow chart illustrating the production 
process according to the present invention. 

FIGS. 3A and 3B are enlarged pictures (x 100) of the 
fiber-reinforced heat-resistant sound-absorbing materials 
20 (with high bulk density) according to the present invention. 

FIGS. 4A and 4B are enlarged pictures (x 100) of the 
fiber-reinforced heat-resistant sound- absorbing materials 
(with low bulk density) according to the present invention. 
FIG. 5 is a graph of a normal incidence sound 
25 absorption coefficient, before and after thermal shock test, 
of the fiber-reinforced heat-resistant sound-absorbing 
material (with high bulk density) according to the present 
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invention . 

FIG. 6 is a graph of a normal incidence sound 
absorption coefficient, before and after thermal shock test, 
of the fiber-reinforced heat-resistant sound-absorbing 
5 material (with low bulk density) according to the present 
invention . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Preferred embodiments of the present invention will 
10 be described referring to the accompanied drawings. In all 
the drawings, elements having like function will be 
identified by like reference numerals and overlapping 
descriptions will be omitted. 

FIG. 2 is a flow chart illustrating the production 
15 process of the present invention. As illustrated in this 
flow chart, the production process of the fiber-reinforced 
heat-resistant sound- absorbing material according to the 
present invention comprises a preform formation step SI, a 
sol-gel solution preparation step S2, an impregnation- 
20 drying-calcination step S3, and a crystallization step S4. 

In the preform formation step SI, a fiber preform S2 
is formed using silicon carbide short fibers 13 having heat 
resistance of 1000°C or greater. 

In the sol-gel solution preparation step S2, a sol- 
25 gel solution 4 containing a heat-resistant compound having 
resistance of 1000''C or greater is prepared. 

In the impregnation-drying-calcination step S3, the 
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fiber preform 2 is impregnated with the sol-gel solution 4. 
In this impregnation-drying-calcination step, the 
impregnation, drying and calcination are preferably 
repeated until the bulk density reaches 0.07 q/orc? or 
5 greater but not greater than 0»11 g/cm . 

In the crystallization step S4, the fiber preform 5 
after impregnation, drying and calcination is subjected to 
crystallization treatment to complete the preparation of a 
fiber-reinforced heat-resistant sound- absorbing material 6. 

10 The silicon carbide fibers 1 preferably contain a 

metal element which is selected from the class consisting 
of Group II, III and IV metal atoms of the periodic table 
and in which a temperature at which a free energy change in 
the carbon reduction reaction of an oxide of the metal 

15 element becomes a negative value is higher than a 

temperature at which a free energy change in the carbon 
reduction reaction of silicon oxide becomes a negative 
value; and have an oxygen content falling within a range of 
from 1 to 13 wt.%. 

20 In addition, the silicon carbide fibers 1 are 

preferably crystalline silicon carbide fibers having a 
density of from 2.7 to 3.2 g/cm^, containing, in terms of a 
weight ratio, from 50 to 70% of Si, from 28 to 45% of C, 
from 0.06 to 3.8% of Al and from 0.06 to 0.5% of B, and 

25 being composed of a sintered structure of SiC. 

Such silicon carbide fibers are commercially 
available from Ube Industries under the trade mark of 
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^^Tyranno fiber'' and especially, Tyranno Lox or Tyranno ZMI 
fiber or Tyranno SA fiber having higher heat resistance is 
suited. It has been confirmed that these fibers have 
resistance against temperatures as high as about 1500°C. 
5 The sol-gel solution 4 is preferably a solution 

having dissolved therein Ba, Al, Si and Mg ions, or 
molecules or complex ions containing, in the structure 
thereof, these elements at a weight ratio permitting 
precipitation of barium osumilite crystals at the time of 

10 the crystallization treatment. 

Such a BaO-AlaOa-SiOa-MgO oxide is generally called as 
^^BMAS". It has been confirmed that the compound is 
resistant to high temperature of about 1500°C and can be 
prepared by the liquid phase process. 

15 No particular limitation is imposed on the heat- 

resistant compound insofar as it can be prepared by the 
liquid phase process and is equipped with heat resistance 
necessary for a sound-absorbing material. Specific 
examples include oxides of an element such as aluminum, 

20 magnesium, silicon, yttrium, indium, uranium, calcium, 
scandium, tantalum, niobium, neodymium, lanthanum, 
ruthenium, rhodium, beryllium, titanium, tin, strontium, 
barium, zinc, zirconium or iron, and mixed oxides of these 
metals . 

25 Specific examples of the mixed oxides include Li02 - 

Al203-MgO-Si02 oxide and Li02-Al203-MgO-Si02-Nb205 oxide, each 
having p-spodumene as a main crystal phase, MgO-Al203-Si02 
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oxide having cordierite as a main crystal phase, BaO-MgO- 
Al203-Si02 oxide having barium osumilite as a main crystal 
phase, BaO-Al203-Si02 oxide having mullite or hexacelsian as 
a main crystal phase, and CaO-Al203-Si02 oxide having 
5 anorthite as a main crystal phase. These mixed oxides may 
have, in the crystal phase thereof, cristobalite . 
[Example 1] 
(Preparation of felt) 

In the preform formation step SI, a fiber preform 2 

10 in the felt form was prepared using "Tyranno ZMI Fiber" 

(Si-Zr-C-0 fiber) . In this Example, the fiber preform 2 in 
the felt form having a predetermined porosity (bulk 
density) was obtained by stacking short fibers (chops) 
having a fiber diameter of 14 pm and fiber length of 50 mm 

15 one after another at random and then applying a pressure on 
the stack. The bulk density was determined from the volume 
and weight of the preform in the felt form, while the 
porosity was determined from the following equation: 
Porosity [%]= bulk density / true density of the constituent 

20 material x 100%. 

In the present invention, no particular limitation is 
imposed on the forming method of the fiber preform and the 
melt blown process for preparing a felt using continuous 
fibers can also be employed. 

25 (Preparation of solution) 

In the sol-gel solution preparation step S2, the sol- 
gel solution 4 for producing BMAS is prepared. BMAS is a 
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BaO • AI2O3 • SiOa -MgO oxide. It has a composition represented 
by BaMg2Al2Si903o and its mineral name is barium osumilite. 

The below-described raw materials are used for the 
preparation of the sol-gel solution. 
5 metal barium (Ba) , 

ethoxymagnesium (Mg (OC2H5) 2) / 

aluminum isopropoxide (Al (O-CsHv) 3) , 

tetraethoxysilane (Si (OC2H5) 4) , 

isopropyl alcohol (CH3CH (OH) CH3) , and 
10 acetylacetone (CH3COCH2COCH3) . 

In the sol-gel solution preparation step S2, a three- 
necked flask was purged with dry nitrogen, followed by the 
introduction of 1200 ml of isopropyl alcohol. To it was 
added 8.1 g of metal barium to synthesize an alkoxide of 
15 barium. To the resulting solution were added 13.4 g of 

ethoxymagnesium, 144.0 g of aluminum isopropoxide and 110.2 
g of tetraethoxysilane (TEOS) and the resulting mixture was 
stirred at 80°C for at least 4 hours to dissolve the latter 
in the former. To the resulting solution was added 27.5 g 
20 of acetyl acetone as a def locculant . The resulting mixture 
was stirred at 80 for 3 hours to prepare a sol-gel 
solution. The resulting solution is used as a solution 4 
for producing BMAS . 

The resulting solution was dried and calcined at 
25 1250°C for 1 hour in the air, whereby white powder was 
obtained. As a result of X-ray diffraction of the 
resulting powder, precipitation of barium osumilite 
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crystals was confirmed. 
(Production of sound- absorbing material) 

In the impregnation-drying-calcination step S3, the 
fiber preform 2 in the form of a felt which had been cut 
5 into a predetermined size was impregnated in the sol-gel 
solution 4, followed by vacuum deaeration to sufficiently 
impregnate the solution in the fiber preform. The fiber 
preform taken out from the solution was allowed to stand 
for 20 minutes on a shelf plate on which an excess solution 

10 could be removed. The fiber preform from which excess 

solution had been removed sufficiently was dried using a 
drying apparatus at 8 0°C for 8 hours and then calcined at 
500°C for 30 minutes in the air. The procedure of 
impregnation, drying and calcination was repeated until the 

15 fiber preform had a desired bulk density. 

In this test, two products different in bulk density, 
that is, a low bulk density product (from 0.07 to 0.08 
g/cm^) and a high bulk density product (0.11 g/cm^) were 
manufactured. The above-described procedure was repeated 

20 twice for the production of the low bulk density product 

and eight times for the production of the high bulk density 
product . 

The sample which had finished the desired times of 
impregnation, drying and calcination was subjected to 
25 crystallization treatment at 1250°C for 1 hour in the 

crystallization Step S4. After the completion of baking, 
the crystallized sample was processed into a final product 
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of a necessary size. 

FIGS. 3A and 3B and FIGS. 4A and 4B are each an 
enlarged picture (x 100) of the completed fiber-reinforced 
heat-resistant sound-absorbing material of the present 
5 invention. FIGS. 3A and 3B are pictures of a high bulk 
density product, while FIGS. 4A and 4B are pictures of a 
low bulk density product. FIGS. 3A and 4A are top views, 
while FIGS. 3B and 4B are side views. These drawings 
suggest that the silicon carbide fibers 1 are made of short 

10 fibers (chops) having a fiber diameter of 14 ]im and fiber 
length of 50 mm, and the fiber preform 2 has the silicon 
carbide fibers 1 stacked one after another at random. The 
heat-resistant compound 3 applied to the surface of the 
fibers is present on the surface so as to bind the fibers, 

15 but its amount is very small. 

The measurement results of the bulk density of the 
completed fiber-reinforced heat-resistant sound- absorbing 
material are shown in Table 1. The raw materials are added 
at the following weight ratio: 

2 0 High bulk density product : Tyranno : BMAS = 0.53:0.47 

Low bulk density product : Tyranno : BMAS = 0.82 to 0.9 : 
0.18 to 0.1 

The completed fiber-reinforced heat-resistant sound- 
absorbing material has the following porosity: 
25 High bulk density product: 0.96 

Low bulk density product: 0.97. 
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[Table 1] 

Measurement results of bulk density 
of sound-absorbing material before test 

5 





Type 


Number 


Diameter 
(mm) 


Height 
(mm) 


Weight (g) 


Buil< density 

(g/cm3) 


High bulk 

density 

product 


A 


1 


43 


75 


12.4717 


0,11 


2 


43 


75 


1 1 .4940 


0.11 


3 


43 


75 


12.0842 


0.11 


Low bull< 

density 

product 


B 


1.1 


43 


37.5 


3.9389 


0.072 


1.2 


43 


37.5 


4.4269 


0.081 


2.1 


43 


37.5 


4.0866 


0.075 


2.2 


43 


37,5 


4.3600 


0.080 


3.1 


43 


37.5 


4.2310 


0.078 


3.2 


43 


37.5 


4.3757 


0.080 



It has been confirmed by the test which will be 
described later that the completed fiber-reinforced heat- 
resistant sound-absorbing material has a porosity of 90% or 
10 greater and has a high sound absorbing performance in a 

wide frequency band. In addition, a preform having a bulk 
density of from 0*072 to 0.11 g/cm^ can be obtained and 
also the weight can be reduced to about one fourth of the 
porous sound- absorbing material. 
15 [Example 2] 

(Thermal shock test) 

The sound absorbance, size and weight of the above- 
described two fiber-reinforced heat-resistant sound- 
absorbing materials 6 different in bulk density were 
20 measured before and after exposure to thermal shock. 

The thermal shock test was conducted under the 
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following cycles: the number of thermal shock cycles: 60 
cycles, time per cycle: 75 minutes, maximum steady-state 
temperature/time: 610 K (337°C)/35 minutes, heating to the 
maximum temperature: 2 0 minutes. 
5 A change in the size or weight of the sample between 

before and after the thermal shock test was measured to 
find the presence or absence of a change in the shape of 
pores . 

The measurement results of the bulk density of the 

10 sound- absorbing material after thermal shock test are shown 
in Table 2. 
[Table 2] 

Measurement results of bulk density 
of sound- absorbing material after test 

15 



Product 


Type 


Number 


Diameter 

(mm) 


Height 

(mm) 


Weight (g) 


Bulk density 

(g/cm3) 


High bulk density product 


A 


1 


43 


75 


12.4642 


0.11 


Low bulk density product 


B 


1.1 


43 


37.5 


3.8957 


0.072 


1.2 


43 


37.5 


4.4087 


0.081 



FIG. 5 and FIG. 6 are graphs, before and after the 
thermal shock test, of a normal incidence sound absorption 
coefficient of the high bulk density product and low bulk 
20 density product, respectively. In each drawing, frequency 
and normal incidence sound absorption coefficient are 
plotted along the abscissa and ordinate, respectively. A 
solid line indicates the absorption coefficient before 
thermal shock and a dotted line indicates that after 
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thermal shock. FIG. 1 is a graph of the normal incidence 
sound absorption coefficient of the conventional material 
(porous sound- absorbing material of Patent Document 3) and 
corresponds to that before thermal shock test of each of 
5 FIGS. 5 and 6. 

It has been understood from FIGS. 5 and 6 that the 
normal incidence sound absorption coefficient is almost 
equal between before and after the thermal shock test and 
deterioration in performance does not occur by the thermal 

10 shock. It has also been found from the comparison with FIG. 
1 that in a wide frequency band from 1000 to 4000 Hz which 
becomes necessary for the reduction of a jet noise, noise 
absorption of at least about 95%, which is superior to that 
of the conventional material, can be attained stably. 

15 [Example 3] 

(Evaluation Test of Heat Resistance) 

Two fiber-reinforced heat-resistant sound-absorbing 
materials different in bulk density were evaluated. In 
this test, a test piece which had been impregnated 

20 sufficiently with kerosene, followed by removal of excess 
kerosene on a drain board was used as a sample. The 
resulting test piece was ignited with a lighter and when it 
was burnt out, the test was completed. The test piece was 
then collected. The test piece was weighed before and 

25 after the combustion test. The test was conducted at a 
flaming temperature of about 1700*^C. 

The heat resistance test results are shown .in Table 3. 



A slight increase in weight was observed after the test, 
which is presumed to owe to the kerosene remaining unburned 
and the soot deposited on the surface of the sample. The 
fiber-reinforced heat-resistant sound-absorbing material 6 
is not damaged at all even exposed to the flaming 
temperature of about 1700°C for 10 minutes or greater, 
suggesting that it has heat resistance against temperatures 
as high as about 1500°C. 
[Table 3] 

Test results of heat resistance 
of sound- absorbing material 



Product 


Type 


Number 


Weight 
before test 

(g) 


Weight of 
sample 
impregnated 
with 

kerosene (g) 


Weight after 
test (g) 


Burning time 


High bulk 

density 

product 


A 


2 


11.50 


60.81 


11.69 


1 1 minutes 
20 seconds 


Low bulk 

density 

product 


B 


3.1 (lower) 


8.60 


64.60 


8.78 


11 minutes 
11 seconds 


3.2(upper) 



It should be noted that the present invention is not 
limited to the above-described Examples and Embodiments. 
It is needless to say that the invention can be modified to 
an extent not departing from the scope of the invention. 



